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HZART RESEARCH AT -4VCO-EVERETT RZSEARCH LABORATOXY 

Hear t  Research  at Avco-Everett  Resea rch  Laboratory s t ems  f rom an 

e s r iy  collaboration between Or .  Arthur Kantrowita, Director  of the Labora-  

tory,  and his brother Dr. Adzian Kanirowitz, who is Director  of Cardiovascular 

Surgery at  h4aimonides Hospital in N-ew York. Combining the points of view of 

2 physicist  and a practicing surgeon, they investigated problems of c i rculatory 

cijrnam-ics and devised some of the techniques now employed in  ca rd iovascdz r  

surgery.  

~ULOTA,  have been reported in Proceedings of ihe Scjciety for  Zxperimental  

i3E:iology and Medicine (Res". l ) ,  Archives of Surgery (Xef. 2)  and Surgery 

Several  of the;;- studies,  direcied towarc ar t i f ic ia l  a ids  to the c i rcu-  

(Xef. 3). 

During the paSK year ,  Avco-Everett Research  Laboratory,  under the 
t !  

direction 02 Dr. Arthur  Xar-trowitz, has  collaborated with the Surgical Resea rch  I /  

g r ~ ~ p  at Maimonides Hospiiai in New York in a s e r i e s  of experiments involving 

mechanical ass i s tance  to the hea r t  ( s e e  Ref. 4). Figa res  1 and 2 will  i l lus t ra te  

the nzture  of these  experiments which have been performed thus far with dogs. 

Tlic equip-fient has  been developsd at AERL using Laboratory facil i t ies and 

i U i . i i 3 .  

P-s the i l lustrations show, the device ( te rmed a "booster hear t")  con- 

s i sx  or' Ln auxiliary ventricie connected a c r o s s  the a r c h  of the aor ta  and driven 

by air p r e s s u r e  in  response to electronic signals provided by the hea r t  itself. 

By o2erating the auxiliary ventr ic le  in proper  phase,  the systemic circulation 

C L ; ~  53 rriaintahed with a substantially reduced work load on the hea r t  muscle .  

Such a reduction in  the effort required f rom the hearz; should, i n  the opinion 

of medical authorit ies,  be effective in  a l a rge  number of ca ses  of Cardiac 

insufficiency . 
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Fig. 1 Booster f ieart  
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F i g .  2 Experimental  Icstailation of Booster Hear t  in  Dog 
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The intended oi;eration of ihe devicz n a y  be understood by re fer r ing  

to ~112 pressure-pulse  diagrams of "ig-re 3. 

in  t h e  left ventricle and a l so  il l  tha aor ta  nca? t:le heart .  

show typical p r e s s u r e s  in norn;al operation ~1 S e  heart .  

Tile p r e s s u r e s  shown a r e  those 

The upper curves  

The contraction of 

thc venzricle distends the aor ta  and in s o  cioing r a i s e s  the p r e s s u r e  'io about 

140 mix Hg. (systolic p re s su re ) .  When the velitrisle s t a r t s  t o  relax, the 

aor t ic  valve closes ,  maintaining the p r e s s u r e  ir, rhe aorta .  

ifito the smal le r  vesse ls  and ca2i i lzr ies ,  however, the p r e s s u r e  in the aor ta  

As the blood flows 

dx-ops slowly uzti l  the next ccntracxion of the ventricle takes place. Turning 

:--ow LO -,he operation of the boosLzr hear t ,  it is seen that with the auxiliary 

vzntr ic ic  in place, the hea r t  is not required to distend the aor ta ,  bur mere ly  

fills x h 2  al;xl:iary ventricle,  which has  much g r e z x r  compliance t h z i  the aor ta  

( o r  which mzy be supplied with a negative Gressure) .  

a>?iied to the auxiliary venxricle a& the p r e s s u r e  in  the aor ta  is r a i sed  LO the 

vaiile required for the systzLmic circulaiion. LL Liiis way the press i l re  supplied 

A i r  p r e s s u r e  is then 

by tile hea r t  need not be grea ter  than the ciiastolic p r e s s u r e  and the high 

sysro;lc p r e s s u r e  requi red  to i-naintain circulation may be supplied art if icially 

by tYL5 booster heart .  

F igure  4 shows the resu i t  of one of a se r i e s  of 30 or m o r e  experiments 

per;oil-AiSd on dogs. The uppc: curve shown i s  an oscil logram oi  the p r e s s u r e  

~ ~ 1 ; ~ s  in  the !eft ventricle of tke dog's heart. 

+ h  LiLse 3 

The l a rge  dro? in  amplitui: of 

p r e s s u r e  pulses shows the effect of operation of the auxiiiary ventricle. 

in this case ,  the operation of t h e  auxiliary ventricle reduced the work load on 

t k e  hea r t  -Sy about 2870. 

ir, thc carot id  a r t e r y ,  near  the acr ta ,  with the boGster on and off. I t  will be 

noted that, while the general  level of p r e s s u r e  in  the aor ta  is maintained by 

The lower curve shows the p r e s s u r e  pulses measured  
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Fig .  3 P r e s s u r e  Wave Forms Illustrating Action of Booster E e a r t  

Fig. 4 P r e s s u r e  Record ings  Showing Operation of Booster Hear t  in Dog 

(a )  P r e s s u r e  in Left Ventricle 
(b)  P r e s s u r e  in Carotid A r t e r y  
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The determination of i- booster  s y s t e m  suitable for a human pai-ienr: 

m c s t  dspend on seve ra l  ~ Z C Z G ~ S .  

si;:;slieC by t'ne hea r t  appear in  the a r tez ia l  SjiStsi:T a s  pzogressive'  w-czvz:s. 

The t iming of the impulsas scp;p;ied by thz booster ventricle should t'lliis 5.2- 

As is wel:-kr=own, the p r e s s u r e  pulses 

.- 
supiliizd by the booster  s h c d d  c.epend oz E&; E ~ p e ~ i ~ ~ ~ ~ ~ t z ~ ~ y ,  

thc c o x e c t i o n  of :he auxiiiazy ventricle a c r c s s  the aor t ic  a r c h  nezr 2.e heart 

Iactozs also. 

h i t  is found that 

-5- 



ZIT R kczz Il 2nd I art: imo2ified S Z S S , ~  functic-z with the argument - , 
F ~ ~ L Z Z  5 shs..Js t h e  fzctor G ~ C  d e c r c a s e  ~i s p e e d  winh wave length. For a 

t ube  s u r r o u d e d  by a liquid c i  “,ne Baize thnsi ty ,  w s  have found a fur ther  

0 x 

rcLuctior, oi 52ee2, given by 

LAG KO, K; a r e  modified 13essei ic;actions. 

ir lcrt lal  iixpedancE: presented by the s u r r o u n d i q  t issue on the blood vessel .  

Suci-i an effect s imnlates  the 

for  very  shor t  wavts .  1 by the iactor  - 
.\Jz- 

Caiculations such as the ioregoir,g a re  usefu; in intei-preting the re -  

s ~ i &  of pressure nieasure-me;>ts made at differenr: points in the a r t e r i a l  

systez2.  For controlled experiments on these ciynamic phenoaeiia,  or-,e 

would 12~2 io  have available z dynamically sirLiXzr model of the circulatory 

sya*,ei-il, 

reproduce approximately the flow phenomena in the vicinity of the auxiliary 

venLricle and the main  a r te ry .  

dicate that commercial ly  availabie rubber tubing would be suitable. 

F igure  7 i l lustrates  a model we have considered which should 

Calculations of the pulse-wave velocity in- 

The 

iriL2zc5ance presented by the capillary beds may be taken as pr imar i ly  r e -  

siszive, at leas t  on a sufficiently shorr: t ime scale ,  and we have assumed 

thz.; boxes fi l led with a sponge like ma te r i a l  wouid represent  this effect. 

V J e  believe that the coilnection of the auxiliary ventricle a c r o s s  the 

aor t ic  a r ch ,  which resu l t s  in  so-n?e unidirectio3z.l flow, limits the possibllity 
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Fig .  3 ir,fiuence of Wave Lengch 1 on Pro2zgat io lz Speed in an Elastic Tube 
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x 
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2 12. d. Influence of Surrounding Liquid on Wave Speed in  an Elastic Tube 
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F i g .  7 Circulation Model 
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o i  ciotcing. 

zssock 'cec l  with rezicns of slow iiow withii-. the buib. 

In some instances,  however, clotting has occurred,  probably 

As  an aid in  under- 

st.an2iing this phenomenon, we have made s a n e  prel iminary studies 0; the 

pote:ir;ial flow insick an e x > ~ i i d i ~ ~ g  and contracking bulb. Omitting viscosity,  

qJ ix, y, 2, t) = 2 i t)  cp (x, y,  z )  - 

where Q is the velocity ~GLciitiZl. FOL- t-he spatial  dependence we a s sume  

n m z -  cp = C AnR Sr, whcr e R = ? x  sy 4-z 

Liz6 thc S a r e  sphericai  :iCL;'-monlcs ( s e e  Kef. 6). Tho motion of zhe bulb will  
2. 

he represented  by that of a --r,ovir-g su- face  convected wixh ?;he iluid, 

B {x, y, z, t) = 0 is the equation or' ;he bulb suriace,  then B +uB t v B  twB 

ina t  such a s e r i e s  of s2herica: harmonics is inzeed suitable for thz conrract- 

i. e. il 
__ 

= 0. t x y 2  
- 7  

i ng  bd 'b  problem is shown by the fact  tLat i c s  Gr-.;t t e r m  alone ,Ives a rongh 

a o r s L m a t i o n  to the phenOrnei7Gn. For this t z r m  we have 

2 2 2 2  
@I2= R P 2 ( C O S  e )  = zx -y - z  

2 2  or q z  = 2 x  - I 
rn ~ Lnis  iiow sat isf ies  zhe bounuary Conditiclil o; a c i rcu lar  cylinder with diimin- 

isiiing rzdius '' - d'p \, and with uniform flow out the ends. (See Fig. 8). 
dt d r  / 

S-cLch f o r n u l a s  should enable IS to determine the iner t ia l  impedance of the 

vcnLrlc?e, though they 

We fee l  that such hydro&jnsmic studies -nay cofitribute to  the under scanding 

not contain such fa;,ors zs turbulence or  viscosity. 

of c i rculatory phenomena arid we would lik5 to condnue thera. 

Of course,  the inter;,al parzs of the booster  sys tem mus t  have a high 

cegzee of reliability. 

which mus t  expand and coctract  30 mill ion tiiines a year  without fatigue. 

A c-iticzl i tem he re  is the auxi l iary ventricle i tself ,  

In 
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Tile costs  and schedules contained herein a re  predicated upon the 

1. A standard C P F F  type contract  covering a period of perforrnance 

of twelve (12)  months f r o m  recei9.t 01 a fully executed contract .  

T h e  use  on a no-charge, non-inter;czence basis or' tne fzcil i t iss 

acquired o r  t o  be acquired, by cri.e Concractoor under Contrzct 

2 .  

AF 3 3 ( 6 0 0 ) - 3 2 0 0 6 :  

Isscing Oiiicc - Ficxiquartcrs ,  A U C 2  Wright- 
Pa t te rson  Air F o r c e  Ease,  Ohio 
Adm-inistrative Contracting Olficer - Mr.  J. 2 .  S d l i v a 3  
c / o  Research  and Advanced 2evelGp:nent Division 
AV c G C or  p o z at i on 
201 Lowell S-creet 
VJiknington, Mas sachus ett s 
m ielcphone - CLiver 8-8911, Zxtension 2 2 i 4  

The cosnizant Government Auditor fo r  t he  zivco-Everebt Xesearc'r, 

Lhhoratory is: 

Captain C. L. Mathews 
c / o  Research  and Advanced Development Division 
Avco Corporation 
201 Lowell Street  
Wilmington, Massachusetts 
Telephone - OLiver 8-8911, Excension 2726 

Inquiries concerning c h i s  proposal should be directed to Mr .  W. J. 

Kawbray at DUnkirk 9-3000, Extension 69. 
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Man Estimatcd 
Monihs Cost  

c/ $13, 383 3 r  inc i p l  Re s ear c h Sci enti L L / Engine e r 
Lr l ioz  Scientist/ En,' U l X c :  e i' 6 6 ,  174 
T c hni cia n l 8  9 , 5 7 6  
,V, 6 c i;i ni s z: 1 581 
S~?po-r t  D i r e c t  Labor 1,337 

_. 

n i :-&vel ar,ci Subsistance 

Sixred Fee 

$ 1, c c o  

31,  053 

31, 362 

1,  306 

$64,719 

5,178 

$69,897 

6 , 9 8 0  

$76,  877 TOTAL 
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